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£fl ^-^sH^^Hl ^ Hlfe ^5fl7l^;# ^^(20)(^r) 

o\] ^-2}-^ i£<g °l^(uni bimorph)^ Eflofl o]J£^^- Jf2)-§]-ji o]Jg^(3 

0)°fl °1^^1(40)7> ^7]^; ^Sfl7l^ ^^^^1 
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^ QQ/^i^ M^S-E] {small piezoelectric or 

electrostrictive linear motor} 



[51^^ Zt^t^: 

<i> S. 1. ^ t^oll °l-g-^ W ^^7]^: Hl^b ^31 7] ^(10)^ ^^1(20)^1 ^ ^ 
^ €31 

<2> 51 2. ^ ^<*fl ^-g-^ 4i^§ SJ-^/^Sfl 2^§-^ 3]^c>| a ^ €3]. 
<3> 51 3. £ ^A&Sfl ^^-Sf 31^0] 5LE] #q^^(saw 

tooth pulse)3|-. 

<4> 51 4(a). ^ ^ SJ-^/^^fl ^#^r 3]t-M ^1 ^Al^o^ 

<5> 51 4(b). ^ SHl/^Sfl 3]qo| 51Bj^ ^12 -^Hl^l T^a. 

<6> 51 4(c). QQ/QSH 51Ei^ ^3 ^Aj^o] TgT&S. ^ 

^51 ^S. 

<7> 51 5(a), 5(b) ^ ^^1 ^ ^/^^ ^4 3]^^ SLB\$] ol^^(40)o] ^ 2 
<8> 51 6. £ ^ el^ol sle-I^ 01^^(40)^ ji^^ o. 

^ H^-fl €31. 
<9> <51^ ^f-^^l tfl^r Jfs. ^> 
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<io> 10, 12: ^/^Sfl 7]^: 20: ^ ^ 7^, 

<n> 25: Ji^^, 30: ^-g-^ 

<12> 35: JL^t£, 40: 

<i3> 42: v}%7%, 44: , 

<14> 46: , 



<is> ^tfl^ °m PDA^s) ^Hl^f ^^-g-J^ ^xfl 7>^sl ^^tg ^^^l a 
E] (Stepping Motor 7j-f m]-^ ^)^# 3]^^o_^ ifltsfl ^yjo^ 9 v 

(cam)# *>-g-SH 6 > §M ^ ^ *1 ^ 313 (backl ash) 7> ^7} ^_^>7> ^1 

^^S.7 r 37] nfl^ofl A>-g-ofl «1J7 ol^_ rr<sl oj <q. ^ ^7}^ 

<16> <H^6_S 7]^^; ol-g-^V b] u| ^ s.B| ^ ^^-3(-(f lexural wave)°H 

^«fl ^4 #^¥( longitudinal vibration)^- ^J^Hf 

(transversal vibration) ^^HHE|# ^t^M ^3] 4 ^a^j^s H 

°l-^^l-# T^*rfe ^fl^MS y o Vl 3 oi^_ ^ ^ ^ (standing 
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wave type) e^^SE^ 7]a_^o] <|Efl^ rf^ ^7># ^ 

5>i4. <^*M4 ^.(^^«.)6fl ^ 

^Ji, <^7}^ ^jf^ 4ts °l^l7> ^-S^^l 

<17> ^ #7]& ^ ^ ^1 «MS}7l ^ §M *H ^ 7 A°- 

#tj)^ ol4 PDA^ 7H|e}- f^fl 7>^*V ^ QQ/QSty ^ 

S\.^-C\o]S.B\6\} ^-ffr ^0_^_ 3^3} <^<^ H^Efl^ ^01-^- 01 7 >*}-0_S^ ^ a 

^ #H o]7>§>^ #<g-<*l ^7Hi n|-e). 3^ ^^^^o] 7>^§>ji ^| 

<18> ^7-1, S^S) y>HJ-^]^ -*UH # ^^§>7l ^ ^. Tg-Tgofl 

%-o)^6\] cfl§>^ ^^^^ 
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M-t^b ^71^(10)^ ^ ^-^34 ^ofl 

<20> 511^ ^ HUH i^s ^71^(10)^ l^-E^^tf. 

<21> £1(1)^1 H^H^^ ^71^(10)^1 «17>M^ ^ 

# q-E}Lfl^rf. ^7l^r(10)^ ^ ^^=4 ^T)^ W 0 >^ol ^Hl^ ^71^; 

(10)^ z ^H^S. H^M-JI ^h^Kpossion rati o)^l ^|«IH x 

^71^(10)^1 z a 0 v f AS. <g^q-^Ai x ^ y^o.^ jg^-o] ^u^i 

<22> 51 l(b)^ 71^(10)^- #>M(20)7> «fl^ Tg^^* T^lfl 

°H V ^7l^;(10)b 51 l(a)^ ^ ^^Bfl* 5LolJi ^71^(10)^11 

9l^= ^^1(20)^ ^71^(10)^ ^4 rcj-eq- ^5i7l7)l ^t}. 

<23> 51 1(b) ^ ^di>i 51 A] ^ ^71^(10)01 z tfii ^ 

€^1(20)£] W 51 H-^vfl ^ojrf. o]b|^ «i^7> M-^i^fe ^ 

^71^(10)^ ^^-32f ^^(20)51 J7^rJ( 25 )o] J7^^ olsj-o} ^^(2 

0)£) 7^0]] 7lo]^ ^H^. 

<24> 51 l(c)fe <3-^ 71 ^(10 H x ^-fAi xtj-e^- ^*fl(20)7} z ^ 

5l5L^ ^^^o] O]oj^ i^Bj-T^t}-. 51 l(b)^]7-ii4 ^ i^^-Al-Efl^ 
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^Zt^SLS. « 0 >^^ ^711 ^ 7] ^r(lO)^ ^^^Bfl7> H> 

<25> Ol^l- oT-^7l^o]l ^^1S 9J7}^ Tj-^ ^^^1 o]^^ tfl^ 7l^§>5| 

i^M-, ^71^0] o>i^sl- ^5fl7l^# A>-g-^ Tj-f^c ^7l^ ^-fsq- ^<il*> 

7l^H°J ^ Sfl^H ^51^ ^M«Kr ^"71 51 H^i 

<26> AA*\, ^ 't^^^fe ^"71 ^71^; ^ ^ifl7l^ <>l-g-SH 

ol^ Al^^ol ^^^71^ 51^^ 5LB\°] 7^d]} cfls}^ 7l#S>^ 

<27> ^ ^-^o] ^71^; #3)71^(10)^ ^M 1 ^, Jl^^} 

^ 7fl^5l ^7l# HL^ ^^7l#(10)A^ <&&7]&<!\ Tj-o 7l^ ^ 
A^L 7}-^ ^ oj^cf. -Al-71 #^l(20)fe 7>X]^ ^*11# 

^ ^ ^°lH^r Si 3^ 7fl^# A}-g-§}$^. o]^^ol #71 ^ 

3K20H1 ^l^fe ^-f ^°<H?-°11 °1^(30)°1 avoi € ^ *(hole)^ 
A^ ^ 9X^ 

<28> 1^7-1 #3E]£- W>5q- ^o], oV^ 7 ]^ ^7]^aO)A ^^1(20)7> *f- 

3^ #B)HH ^7ll7> ^E]^, ^7]^ JE^r ^2fl 7] ^( lO)^ ^ *fl (20) W 
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*}%^. 

<29> o] ^x$o] ^§}^ 7]# 7}^ 7} 7} o] 

^-ol^Tll ^A]^ ^ oli^ a\]^ ^Jf^ J=^^- ^Ml<5] ^ 

<30> 51 2fe °l^K30)°fl o]^^(40)7> ^-aV S) ^ ^-g^fe pfl^q^ uj-E|-ifl8 

4. £ 3^ ^^71 ^5fl7l^:(10)^ Sl7>£|^ ^ ^A^, 

#M^^(saw tooth pulse)!- H^S. *}-g-§Ml ^t]-. 

<31> £ 2^1 olxji^ ^n];, o]^^(3 0 )^ <&%\7]& 5& 

^1^71^(10)4 ^^(20)7> 51 1^^ Ajrg^ h].^ ^-o] ^^S)c>| oli^ ^ 

7>^S>J7, 51 334 ^ °^M^r ^-f °1^^(30)^ 

oil u}e}- 01-^^(40)^ ^-3j<?3^ §>7l-. 

<32> 51 2(a)4 E. 3^1 a : ^}^f °l^^l(40)fe ^ ^ °1^(30H 

JfBl Sa^l xl^oH ^^1§>t11 ^rf. 
<33> 51 2(b)4 S. 3^1 a -b : S. 3^1 #q ^^s)-^ 1 step ^°^1 ^7>s] 

ft]^ 7§a}-l^, a a °lH b7> ^Hl^l^, 0^^(30)4 

ol^^(40)7> x% ^^^-^ ^.S 371 A(Sa=Sb) ^ ^MMtII 

<34> 51 2(c)4 513^1 b-c : 51 3^1 #M ^^s}^ ^^l b 6\)X\ c 5i ^. 

ovol 0°1 £l^ ^71^ ^2fl7l^;Oll <?]7>£l^ &<&o] 0 5L^ °] 

nfl, 51 2(c)^l 0^^(30)^ ^^51 ^ofl ^Tl^O-^L £^o_S 7-1 Si 2A 
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£-^o1t)1 ^cf. ^Tj^O.^ ojJ^( 30 )oj ^olTfl 5)^.^., ^-7ll# 

7>X]J7 oli^ ol^^(40)fe ^>$3j SC ^ ^^Hl $1711 £]J1, 

^^(30)^1 £3^^o_S &^°}?\) ^cf. (SOSb) 
<35> £ 2(d)^ £ 3^ c-d: °}^^(30)£r t±X\ o]-^^(40)5q- x ^r HJ-D^S. 

Ai^aj 2 A^ T^e)^ £-*M>ll (Sc=Sd) 
<36> 51 2(e)^ £ 35] d-e: b-c^ Q£r ^Bfl^ Ik A (Se>Sd) 

<37> 51 2(f)^ 51 3^ e-f: c-d^ -g-^^^r ^A] ^ . (Sf=Se) 

X^\^o] rf^j o]^^7> o^^l oj 

Si*!: ^^7]^ ^^71^(10)^1 -f}-v|(uni-)S.H 31 ^ 

t>>ol fi H(bi- m0 rph), <r ^ 7]^ Slfe 7^ ^S^H ^ ^o^i^ji 

°1 ^(30H ^7> £4=^6.5. <£°]^7\] ^e|S c»l-g-§M 

°1^1(40)# &^$) ^f^H SL^^ if-Jf^H -g-3jo]7fl ^rf. 
<39> ^l^tt oj-g-sj-c*), s, 30] s.^^^(Saw tooth pulse)^ 

^ °1-&^(30)^1 ^7} ^^E]^, °1^1(40)^ ^o] s\d\ olJ&^(40)7> 

°1*^(30)^ €^ ^^Bl -g-3]<|3 ^ XiTll o]J£^(40)^ w D V^^ 

1°lf ^ §1^-. S-E^ ^-71 ^A]^ W}^- ^-o] :£^cq ^3]^- ^ S 

<40> ^-7]^ ^S>7l ^ ^ 7ia_^<y ^2:^ ^7]^ Hl^r # 

2fl7l^(10), ol^l(40), 01^(30), E3-^^(20)S ^ 
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^T=h i£^r o]5l^ 7l^.^o] -g--g-§M ^X|c^ ^H^Kr 37} 

X] ^ ^<£^ ^ ^/^Sfl 2-B]# 7flt§]-^4. 

<4i> 5L 4(a), 4(b), 4(c)fe #7l 7l£- <>l-g-§h^ 37>x] ^Bfl^ 7> 

<42> £ 4(a)fe ^11 -^Al^SA-], ^7l^ ^2fl7l^(10), ^ ^1 

(20), ojJ^l(40)3L ^^cf. ^71^ ^^71^(10)34 €^1(20)^ 

(disk) ^Bfl# 7>x]ji oii^ -fM5.= (unimorph)°l Jl ^^(20)^ ^^^r 
^i^7l^(10)i5-3L^-Bl ^ ^5)31 

9X^ 7>X]fe ^^H^l JjL^ ^#^o]^ 7^§}p], ^ 

3 €*HHHfe ^-^H ^W>^. #71 o]^^(30)ol -Al-7] 
^ *f-^^ ^-f o]^^ xlx]§}7l ^ ##^-(35)# ^4. 
/&<$7]&o] t^o] o-^jn^ol T^-f j= 3 ( a )^ Qd) <£&7]& SL^ ^5fl7l^4 o] 

4 ^ ^<*fl ^ ol^ $o]t)-. %7] o\^^ ^7] <$&7}$; ^7] 
^4 &^^$) ^S^l -*t*l*Rr ?H 7H> ^ ^# ^ $M Jr-o-o] 

<43> 51 4(aHH iL^ u}^ ^-o] ; °}^£r ^/^Sfl7l^ tiVrfl 

^ ^f^-^fi ^51 5L 4(b)^l^i it^r w}^- ^o] ; ^/^s-J) 

^o] cgo^ *J|<q^ cgo^dl ^ oi^ $o]v}-. 
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^^sMl ^ ^^(disk) ^§Bfl^ <$&7]& ai^ ^s^mao)^ ^3<*lH 

<45> £ 4(a)3 €^HHH^r ^^11(20)^ ^ ^ ^l^r ^ 

7m(10)# ^ ^-SiJL ^^11(20)^ cf^ ^ ^ ^°<H1 *(hole)# ##ol 

7|t ^2fl7l^:(10) JS.^ 3.711 *>#&tf. ^^1(20)^ ^ ^ofl JI^ 

(25 H ^^1^1^ olOc], ^1-71 Jl^^r #71 £B]7> JI^^M ^1^ 7l^# 
*3^t t ^71^; ^^7l#(10)^ ^-^^l SLB\ *}t)]7} 

<46> °l^(30)£r 1^*11(20)^- S ^71^(10)^1 O]^ ^ 

o] w>ol £ H(bimorph)^ ¥ 7il^-4 ^ ^ afl^s 7}^ $) o) ? ^7l^ ^ ^52J) 
7|t1^1 jL-i:^^-^ ^€ ^ tMJ^M #71 e>i^ 

#<*fl °l^l7> °1^#^ ^ TH^rf. ^. ^oflA-^ -Al-71 

71^(10)51 <£ ^ ^ofl^ ^^(saw tooth) ^<a-€(U)# <S€§M ^-g^* 
<47> £ 4(b)fe ^12 43^Hl^i, ^7]<>ll £Al^ £B]b ^^71^ ^fe 
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33 *s=# *m ^ ^ ^$4. ^7H, <a-#7i^ ^ 

«o>^O.S ^r^M A}-g- ^ ^ 5| On}, Aj-Jfc^ §}«-ofl Jf^fe ^71^ 

ig-^t^- ^^§1 2:^§><^ 'M^eI *|tfl7> ^^ltb^f. i^^b ^^71^: £E 

^2fl7l^:(10)3 #*HM ^^-<^1 #^|l!^(saw tooth pulse)* ^l7>«j-Jl 
(20H ^1* <£^n*] §>7ll °1 ^-f^S., -^"71 o]^^(3o)4 ^ 

^ ^f2)-^# £.-!=- ^1^-5]^, o]J£^ol #7] <g-^7i^ iEfe # 

<48> 51 4(c)^r £ *l|3 -a^HS-A], ^7H1 51^5} S.E|fe Ifk^^Q °« v ^i 

7]^ £&ir ^Sfl7l^ol ^^(disk) ^§Bfl7> oVia A>zV^o] ^ ^ ^ ^ ^ S^rf. ^ 

^ H7H 7fl<^ ^ofl ^_g- *v ^ ojrf. ^^1(20)3- ^71^ 31^ 3 

^7l#(10)S ^ ^ A>z]-^Bfl a x 37]# 7>^ -^^fiii(unimorph) 7> ^ 
£~&-8: §H 5LB]7> ^ ^rf. o] ^-foflS., 51 4(b)^ v}°}5LS-^ afl^ 

^ 51 ZLofl ^2:^ 51 4(cHH ^ *fl*Ht 

<50> 51 5^ ^1^^(30)^1 ^fl^lfe °1^1(40)3 H -sjUHS 51 a] «j-sa^. 4 V 
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#7] o]^ 7 } o}^}o^ <&#7]& JE^ ^2fl7]^ lH):g ojJ^j 

<51> <#7] 51 5^1 A] 4| A] ^ a. i^o] <g ^Alofl^ ^o]^ ; ^1-7] 

°1^^(30) >$HH oI^jt)- T °a^?V IfAi 

a. tf^i^ aj-g-^ ^ oi fe oi^^( 40 )^i 

<52> ^5}^, 7}^ in #^5L7] # 

7] ol-g-^ofl ^^fe ^°IH *>#^ 7>XlJ£S_ 

<53> ^l^^lfe S^^l H^r $\°] ^>#^^r -B-^|«l-7l s 

§m 7>X]51^ 414€ T SU^. att, ^71 ol^^(40)^ v}^^r 7>X]^, 

^ ^51^ ^-7)1* 7\3\A\ <^§H o]J&^ + olj£^ ^S^o) 

<54> 51 5^1 *\ 7\}X\^ Ti^ go] t o)^s\- <^<& -fM 

*>7l n>^(42)# SMo], -^-71 p>#^fl (42)^^-<>ll P>#7fl^ <g^f# 

S.^ ^^H, 7>x]^ ^71] = ^ -5^(44)7}. ^ 

$1^-. ^"71 ^^(44)^ ^J7^ Aj-7] ^7fl# #*>51^ 

*fl^ # oj-g-S]-^ #7] ^7,fl§ 2:^ # ^ §}^r ^=*8 
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(46) <>1 #7] f^fl^l ^l^Ml ^ 
<55> SL 5°]} S.*]& ^o] ; o]^^^ o]^6\] Jf^ofl n>^, n}^ 

<56> >5j-7l °1^1(40)7> 01^^(30)0^ nfl 3^3^ 7>^o> ^ ^ 

°1 -f^r* 2-^^ M-^'i *r ^-71 iIE^(46)# *1 

0 l*7l-^ o]^^(30) A>o]6(l 2\*\i%& <&^# ^§>7ll 
<57> #7] ti]^-^ ti^olHxfl# A}-g-SH ^Sl-^oj^, ^ 

7fl7> q- 7 >^ ^f7fl# ol-g-^o^ ^^j-^^rf. 

<58> 5. 6°flfe o]^^(30)oll BJ-7flsl o-|^l(40)<4 -fj-v| J£j^ 

5LAl§>^cf. ^o] ji^jq^ol^ £ h rr- w}ol;s. = ( uni - f 

bi-morph)^ ^ ^ofl ^ o]-^^(30)^ -^^014 o]-g-^|) (40)^ 

ttM w>^la^(uni-, bi-morph)^ 

°l-g^l(40)7} £-^H^ 7j\^- ^91^ 2M. 

^^11(20)^- ^7l^ ^Sfl7l^;(10)# W>ola^( uni - 5 

bi-morph)^ M ^g^O-JsL §H, °l^(30)<*i| ^fl^ ^1^1(40)7} 
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*Mfe ^Hl ^ ^ls ^s>j7 oil -§-8-°l 

^H§°1 -<Mr^ ^ s^M^ 32.b|« ^l^m ^ $14. £r 3 
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31^ ^7^, 

•S^ J£*r °o^^l #7] ^7]^ JE^r ^71^0] Jf2j-£]^ 7^, 

BH^l 71^ SE^r ^"71 71^1 ^7]^ SE^r ^2fl7l^ ^ 

H^l JI^^M, ^7l 7]^ ^j^J^sL ^ 

#7] ol-g-o] yj-i^j-j^ ^3]-^ o]^^^ a^-S>^ ^ - 

2] 

*flrM 91°)*}, 

3] 

#7l O]^^]^ -Al-71 ^ 
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[3T*8- 4] 

^"71 o]^^ 7 >^ ^ ^ nVtfl ov^ g: fe ^ 7 j ^ 

5] 

o]^^i^ ojJ^ofl ^3]-E)^ -ft?] S>)^f6]] ^§=*fl# 3£*V 
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2] 



Sa 



30 
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— 40 
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[51 3] 
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[S. 4a] 
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[S. 4b] 




26-23 



[S. 4c] 
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[51 5] 
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6] 



(a) 
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